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In conducti.ng tb, research reported here, the investigators
l.4harbd to "Principles of Laboratory Animal Care" as estab-
lishad by the National Society for Medical Research..
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ABSTRACT

The agar-gel precipitin-inhibition technique of Ray and Kadull can be
used to detect plague antIbodies in huanh and animl sera after a series
of plague vaccine inoculations or after exposurb to Pasteurella pestis.

Determir.ation of the =inim- reacting concent-rations of the plague
antigen and antibody reagents, methods for combining reagents, and length
of im_-nubation Deriods are discussed.



P:ev"-oUs . o vn blare, therefore was f t.

2 The agar-gel precipitii-irnhtbitio techniaue of Ray and Xadull and
Ray haz been applied to anthrax antibcdy and C-reactive protein deter ini-
nations, respectively, in animal and human serum speciens. This test is
simply perforted, has a high degree of sensitivity, &nd Vaes reproducible
even when employed by several technicians who were unfamiliar with the
method.

This test procedure has been modified to assay antibodies for
Pasteurella Zestis accurately in vaccinated and infected human and
animai sub ects.

n. )%MMLT-S AND MM~ODS

A. ?EPARATION OF WAX DIYFUZuN IX I'LaIz3 ANau XK&I La

The cedium test plates and agar diffusion reading lsnp were prepared
as described by Rar and Kadull.

B. .AST .LEA P!STIS TEST .MWZGEN

The antigen n e4' in this propooed serological teat yes obtained from
outdated whole-cell formalin-killed plague.vaccine lots G 1016, 0 0990,
E 4649, Z 9868, E 9383, and 3 9135 prepared at Cutter Labora.ories.

C. ?kSTEUA P TEST ATISE

- Three rabbits were intracutaneously injected in the nape of the neck
with 0.5 ml of plague Cutter vaccine .at two-day intarrals for six con-
secutive injections. After two such courses of injections, a man titer.
of 1:256 ias attained when the sera were titered by this recanded
technIque. - ...

D. E! TrIMATION OF AVMTGZ AND A!TISODY SYSTEH

A box titration of pLague-antigen versus the plagues abbit antiserum
was performed in egar diffusion plates. Five serial twofolA dilutions of
the antigen (0.5 ml) and of the antiserum (0.2.'mt) were prepared in
physiological saline. To each dilution an equivalont volm- - if physio-
logical saline was added to give a final dilutica range of 1:2 to 1:32.



The antigen dilutions were added seqentially and in duplicate to the
two outer raw* of wells (z.prc-xim-tely 0.07-mI vclur per we-l1) so that
one row exactl- duplicated the opptaite rcw in serial dilutions of anti;en.

T'his was performad in five aiffertnt c;ar diffu-ion plates, one for each
subseqzent antise'=- dilution. t fter iacubati-on of the plates filled with
a&.tgen dilution for 6 hc-rs at 37 C in an atmosp4ere approaching I=OT
humidity, the plates were removed from the incubator and the water in the
center ro of reservoirs was sapirated with a pipette. Then the center
row of reservoirs (approximately 0.025 ml per reservoir) was filled with
one of the prepared ser.m dtlutions; one plate was used for each dilution
of antiserum.

These plates were observed with the aid of the reading la=p after
incub.tion for 24aend 43 hours at 23 to 23 C in polyethylene bags.

The end-point determination was that combination of the highest dilu-
tion of antigen and antibody that produced a visible line of precipitate
lying between the center and outer rows of vells. This initial titration
is essential to the establishment of muaim sensitivity and consistent
reproducibility of subsequent tests with urkiowu sera. This end-point -

readi ng va considered to represent a minf- reacting dilution, or.MDa,
of antigen, and a amLn-m reacting dilution, or MDO, of atibody. -' This
is illustrated in Table 1, ere the MRDa of antigen vas eetablished as
a 1:32 dilution, and the )2Dt of antibody as a 1:8 dilution.

TaIL! I. FLA~z AM1TGR A=~E-GEL 3= r0AM

Rabbit
Antiserum- Antigen Dilution
Dilution 1:2 1:4 l:S 1:16 -1:32 1:64

1:1 + + + + +

1:2 + + + + + +

.1:4 + + + .+ .:+ :

1:8 + + + + + -

1:16 + ± ± -

1: 1: 32 - - - - .-



E. SEMAM TZaATIMNS

The 'n i onor indirect, method was usud in titrating ur.nvn serum
specitees. Serial twofold dilu'tious of 0.2 al of unknown serum wera rade
in physiological saline. To each diluticn, 0.2 ml of a twofold concentra-
tion (1:16) of the ptevioual7 box-titerer anwigen (1:32) iai adjea; thu
final mixtures thus contained an antigen =aDa plus unknown serum dilutions
ranging from 1:2 to 1:32. The mixtures vere hand-shaken for 30 seconds
and incubsted in a 37 C water bath for _ hour to permit antigen-antibody
binding.

outer rcws 5f wells in an agar diffusion petri dish were sequentially
filled in duplicate with the incubated antigen -ntibody tube =xtures;
thus, each.-wei. in one outer row contained the am, mixture as the cor-
responding we l in the o?posite outer row. These plates were then placed
in an incubator containing a tray of were. and incubated at 37 C for 6
hours. The water condensate vax removed from the center reservoirs prior
to adding the 1:8 dilution (2Ds) of knowr anti-plague rabbit serum as
dettermined by the box titration (Table 1).

The and-point titer of. the umknown serum was determined after inmuba-
tior in pulyetbyleue bags at 23 to 28 C for 48 hours, -with a preLzi-4ry
reading at 24 hours. -The titer waa establihahd as that dilution of the
im-own serum thAt completely inhibited the for.tion of a&-isible line
of precipitce, (Fiture 1).

Cont-ols *consisted of dilutions of the antigen in physiologicaL
saline and combinations of the predetermuned %=, of antigen with kn on
negative and positive anti-plague sera

111. rsUs

Test sensitivity vas .iitiz ly deterzined on sera. trcm-pIAgue-vacclLated
'individuals (Cutter vaccine).'. rous agglutinatiosCte'sts were perfor td
* on similar serum specimens without any positiva .indicaticn of plague ant- " -
-'bodies' being present.

Inree groups oZ GuV=r sara Were evaluated: .- Initial vaccine series-,..
group, booster vaccine seric group, and setr from individuals who had nota

f recerved any plague vaccine...* The boosr.r vaccine sei.Les group was further
subdivided into a group containing sera from individualo of mais=im expos'=e
to P. peatis and c group with rinim.± exposure to this microorganism

*(Tab Le 2).
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TABUE 2. AC:-R-GrL MY!-!UCARISCS 0? SEMA '?Vat:
FLA~Z-VA.C-r.IMzrD (cU-ITE) rus

T itcr
Vaccine Serm Direct Mechod
LAte9Or7 So-.%ee (Double Dffusiom) I=!libition

None 3bA
w.R..

* 1.H.
* A.L.A.

T.B.

initial Series S.S.B.

)sooscer Se s IL

IL J. S. 116
iA.A. 116

D.M. ;.4;2
c.S. 14, 12 1:16
R.T. 1:8,1:8 .1:32
Q.W. 1:S 1:16

V.D.L. ~1:4 ~ 1:16
W..D. 1.

a. Possible exposure to o-zganisn- in Laboratory.-
b. :6egstive.

The direct or dor-ble diffu~siont vat compared vitli the izhibhtiu d!.ff--m
sian method in the S~l plAtes. The Latter procedure ce Ioyed tha rccAge~ta"
as described above; the dire.ct method 2mployed seriAl v.-ofo1A dlutions c,:
the. sera in the outstr two rows of reservofxs, the center row of ravervoiriu
was filled vith the twofold cew-,etration of the plague Yaccine antitgem



The Sanitvity of tha izhLbLtiam techn~ique was de=Onetrated in e -
z~ove rcsults vhen c~c- -Td with tho docuble diz.~:-6 E o~ti od. Subsequent
asay of 299 sg!;luti-:in!-egtcive sera ffro Pl~eVzc~a in.viduai
show,dthit 153 were ne ,azivr, 21 1bad titer~s of 1:2, 3.4 hae titers of 1:4,
33 had rttrs of 1:8, 16 had a 1:16 titer, 5 had titers of 1:32, 4rd two
had a 1:64 titer.

Three rabbits vere inoculated with a poot of four lot2noi P. peed,
out~iate-d vaccine (Cutrar), lots E4a649, G07O90, M~681 and G 1016- EAch.
rabbit had a negative prevaccriarz.cn titer and received two-zericBs of
six C 5-%1 i~tra~ialar injectLios in Lhe nave of the neck Siven evei.7
other day for a total of 12 injections. Zesult" of tis vaccine series
it rabbits are shown in T~able 3.

TALL 3.* AGAR-EL PR6CFI=I-n7EnTTIQN IMS
O~q PUGUE-VACCIXAMTZD (CVT~ 71 Ak

Rabbit Sern= Sample. 'Titer

1Prevaccinated %agatify
9 da after' Series 1 1:32

.13, days after Series 2 1:128

2 Prevaccinated -i e~ative
9 days after Series L.1:.

13 days after Series .2 1: SU,

3 Prevaccinstied . nesgative
"9d.eS Iafter.. Series. 1.

.-A further analysis of _anti-plagui antibody. fer=iori-waa tmada in fu
groups of, five momkeya *each.' rtich were tr eated in'the foloing.-mner-;
Groups A and B-vere vaccinated with Cutter Laboratories plagua.vacclne by
0.5-ut ~intrft~lscullr £n.Acti=oandays 0, 7. and. 1.4. -"On day-!9:a-post-
vaccination sern'speci-n vas-drm for its intibodyL courant;-- Thea'al
groups 4'Ai' B, C, -and D). vere given a . live .infective doae of P..jpostis
Ltraperitomeally. on-day. 21 aftez initlal vaccination..- Groups -C and D*
had received no-vacci32s. Groups'A anXC uzaokeis received-xtreptowyeim,
15 mg per, paimd .per: day every- 6 hours for 7 to 10 days, only when thei
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in~lvidual monkey's tcz erature re-Ached! 105 F. C'-up 3 and D'tzaz!:ya
received no therapeutic reS.'=aa; Group D acttd as :1he control . rcua
to the VACCinkaed, 'raccinrated-therapy, and thrcrapy grou~ps. 2:11 groupa
hai a nagative r nto titer.-"- The recuLts ara presented Inu
,IAble Li.

Recantly an alum-adaorbed plague vaccine van administered to 14
previously iinmired indiv~iduals. A pra-booster aerta -jam tale- from.
each individual prior to the injection and a poac-booster serum was
obtained 21 days after the inoamalation. Table 5 shows the anti-plague
anti.body response from a booeter ir-jection of plagua antigen.

In'the aboVV results, a titer increase wan & nstrated in vaccinated
hi..n sera and in vaccinated and infected mouk'e7 sera uding the agar-gel-

*precipitiu-imhibition serological procedure fcmr E. yv otia. Serial reru
&&=aplea from a .laboratony-acquired case -of pL4=oi. plagua repartcd by',
Burmelstar,-. Tiger tt, and Ovethole were assayed' by this method; the-
results are shown, in Table 6.

The serological test- prozedure represents ------- -- ~
antibodies by inhibition of -a standardized plague snvigen-antibody prne-
cipit±.in in. agarn tel:, It. attains this sensitivity vithimt.-the emiploy-
met of c.c entrated reactants that are us-ed' in the'double'diffuuion-

-. *.Tbe comnparison- of' the methods in -Table 2 indicates -that :tne nn1---
tion method is the more seastv assay of 'Pla S tbdecfoveeZ

>both-.mthods -showed a good degree of reproducibility :f~io~nt '

.Iidted dupizcated -titrations~ of acrm. 'The differeneai-betwen. the- -'

double diffusion meth 4 shown in Tab la-i and'the-- usual 'ereddoh1.b!Z

, diffusion tacbmiqxe 'jras that the antigen reactant was a-dilution.(2 2f)
-of- the :antigena.a determined-by-the boz-titration of Table.1Z- I~ using
such a dilution one, obtains a mare I'siv difsil anie cincen
tration: as shown by- Ray.. and there- is less -.ahnce for*- nspecific-ani

.:.body reactants-.anarr=z- ma Lea- to caus. a--false pbiierato.......

."--Tbe2 -demnstrated' further that the agar-geL'precipitin-inhibiticn.-
inethod -is 'able -to detect- plague -antibodies in serw'/ fron plague-Vaccinated.'

_individuals,.although these titers are evidant'oaly after- boster injec-
tions.; When. the plague 'vaccine was adinistsx'ed to ribbita,-:'it, stialae

- formatioa 'of antibodies that were detected by this =ettod (Table 3); -this'
-further substantiates the sensitivity of this. metbod.
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UB3LS 5. ACArl-CZ.L T:.S 07
M'E- A2ND ?CST-iwCOsTn SEEMk; LA2T

OF ALUX CCATD YLL'VZ VACiE

21.-Day
Pro-Boostor Ppet-Booster

Serum Code Titr Titdr

Bel, A. 1:32'

Boy, W. 1:16

Dec, J. .1:32

Dra, E. -Negative

Gro,0. .1. 16

iur, C. 1:16 1:64

Nor", E. 1.32

Pa,. 4 16

1am, 0.iv
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MUT3I 6- A=A-;L MC-TI'N? -il Ors T,,, =,_r
SZ&UH SWEPLES FC A CISE 07 PI _MZ:C '~

- Saer= Spazimm Days Afr~er A&PI
Data ROSPICalization Titer

August 10 -- 22 MiEgtive

Setptzbr 2 2 t egat ive
7 7 1:4
9 9 1:3Z

11 11 1:3Z
14 14 -1:64
18 18 (discharged) L:64
28 1:-64

30 .30 -16'

Octoer -72-. .32 ~1:32
-12- 42 -~16
19 :.49 13

iNovesber 3 613

January 612S 1 16

'ly 16. 25S :4

July . 15 .318

August 22 356 legative:-

- ~deterzuing ther: effect: of vaccfrcAtiau. a~d therspy in-moukieystht-
v.~re in) ected'by- the. intraperitoal. -routi'with ivirulent P., ImStia (Table 4
the resuts'sho that there va-~ieea.in plague 'antibodies: due--t.

~vaccine avIL-as -fr=c the. livm i~j ected. pLagua bacillus. .. oweva,-'om y r
one. =nkeT iux Group B" vfhich had mm- i4 acie epm5,urt the
'intaperite challeuge and this nonky had tho'highest titeri prior 7 "

challenge-.;
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Thesq dat~a (Tahl& 4) indicate that the =e-aured entibody titer oi 1:2
through 1: 16 -.;a overVte I~d by, the. inoculated piuig-m- challcav's dose.
The vaccine aCparCC=7 forearmlled ecach ta thieet cc-keys in :czparizou
with the postchallcnge ti=e to de-sth of the other m~onkey groups. Althme,
these Croup- 3 nkeys took longer to die. tndf.izo1L scw r-)dificstion of
the dtsease due to the vaccine, streptomycin therapy 'ihen g~iven early in.-.
the disease proved better than either the vacciua alone or vaccine In-
combinationi ritb streptomycin therary. Table 4 further indicate& that
either the-veccina d-em not Confer im=anity or-nor ncugh Vtccinevwaa
given to protect the =onkeys uner condftions of the test.

When an epariatal alum-adsorbed plague vaccine was administered
as a booster injection (Table 5), the 21-da-v poet-booster titer was
significantly higher then those obtained in the hiumn (Table 2) or
rabbit whole-cell focmLIn-killed vaccine studies (Table 3).

-. Of aare irportance is the attained titer' responsft of a human labmratorty-
acquired *case (I.L.P.) of plague, as deonstrated in Table -6.. This casa- ix:
-closely analogous to the Group A mokey -eperimt of Table 4i vith thi;.:-'
*exception that L.L.P. had a booster inetoof pla-vaccine.(CuttaVrY.
just priar -to his mpar.;ohL..adteGroup-A Mnkayia -celved;
jn=ista therapy upon deve lop ng. a high. terature.-. The. recommanded ,,

:,-tist procede ads* ately: assayed- the plaguemtio cft ,fseri.L-.
serum s.*qles in this b- case and was able, to detect a iise in plague'

.-titer af: ar only 7 days o&- hospitaLzatica. or appronmmte-ly-12 days-After
the exposure to* the plagut. bacillus.

- Pasteurella >-jeud-ntubercui 7_9is strain P3l/-, propared -rabbit anti-
serum failed to inhibit the -standardized plague -antigen-antibody- precip,-
.tation in agsr get'. - This .Indicated. that no crossa rieioni -oc' - c
between thin tpseudotuberculosis- antiseruma and the-p,1ague ancigen used;,'-

ithszero logical Itest procedure-.- Althoitgh 1.' pseudotuberquos ad
P. riestis hae -ay-antigens in cvcn;, this reaction- furtha.. supports:-2 --

2- the findings 'of. Burrowa and 3.acon.-.that, laoaaysrlk -f.

,.tuberculosis that'liik the-V. and V anttgens,.s dos-stra~il-,diffait
7from the iully virulent F. 11tis stra n.-Hweverl' additioal, VW-
negative. end Wo-positim. Pseudotunbereutosis antisera should beassayed

,for turther- aubtantiation of. this reaction.

The. recoumended test procedure of ir-a:jepti nhitoiz'
6 ~n'stivly ssay, antibodies against! the- plague -bacillus 'in-vaccinatad-;t

-and infeacted human: and. ani -I serum: sarjples.?-



This 2_thod does rzt ':jur the use-of ccc~tr~t4d rasicte.mt, the
additigm of a third CtiC7 Fu~ :olet,1te, ovd7 particle*,

no he rie of an £ndicAto-_ systm such as chicken, goose, or sensitized.
sheep red blood cells.

Tha :est =tbod's s en3stt±'71ty i La ttained by the inhibition of a-
known aolubLz antigen antibody plAgut 7recipitin reaction in aga-gel..
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